Abstract-This study aims to assess heavy metals pollution in the soils of Damietta governorate by using remote sensing and GIS techniques. To fulfill this objective, surface and subsurface soil samples were collected in soils along ten major road segments in Damietta governorate. Cu, Fe, Ni and Zn concentration in the samples were estimated. The inverse distance weighted (IDW) of Arc-GIS 10.2 software was used to interpolate the heavy metal concentration in soils over the study area. The index of Geoaccumulation was applied to assess of the soil contamination. . According to the study results, the concentrations of Cu in top soils and Ni for the entire region were lower than its background values while the concentrations of Cu in subsurface soils and Zn in all soil samples were higher than the background values.
I. INTRODUCTION
OIL contamination by heavy metals (HM) has become a widespread serious problem in any parts of the world (Sofianska et al., 2013) . Heavy metals enter the environment as a result of both natural and anthropogenic activities. Naturally heavy metals occur in soils, usually at a relatively low concentration, as a result of the weathering and other pedogenic processes acting on the rock fragments on which the rock develops soil parent materials (Jankaitė et al., 2008 and Mbah and Anikwe, 2010) . Anthropogenic sources of heavy metals for soils include commercial fertilizers, liming materials, agrochemicals and other materials used as soil amendment, irrigation waters and atmospheric decompositions (Sofianska et al., 2013 and Senesi et al., 1999) . The categorical aspects of pollutants (inorganic and organic) come from different source of industrial activities and vehicle based emission. Inorganic pollutants and its compounds come from vehicle pollution and industrial emission. Trace elemental concentration in dust which is significantly deposited due to anthropogenic stress and ignorance (Rakib et al., 2014) .Inter-spherical migration of chemical elements and their accumulation depend on a lot of environmental factors, such as meteorological conditions, the chemical and mineralogical composition of soil-forming rocks, the textured composition of the soil, soil solution pH, sorption, the content of organic matter, etc. (Jankaitė et al., 2008) . Accumulation and distribution of anthropogenic M. I. El-Gammal, and R. M. Abou Samra, are with Environmental Science Department, Faculty of Science, Damietta University, Egypt R. R. Ali, Soils and Water Department, National Research Centre, Cairo, Egypt heavy metals in soil may depend on wet and dry depositions that convey particles from air to soil (Malizia et al., 2012) . The sources of heavy-metal emissions from vehicles include fuel combustion, lubricating oil consumption, tire wear, brake wear, road abrasion. Zn comes from tire wear and galvanized parts such as fuel tanks. Brake wear is the most important source for Cu emissions. Through the atmospheric deposit or road runoff, heavy metals can be transported into the roadside soils (Yan et al., 2013) . Nickel is included in various metal alloys, stainless steels, and electroplating. Zinc fertilizers, sewage sludge and atmospheric dust of industrial origin are the principal sources of Zn accumulation in soils (Omran and El Razek, 2012) . The waste products from vehicles that ply highways contain some heavy metals inform of smokes. Emissions from exhaust pipes of automobile engine and contacts between different metallic objects in machines contain such heavy metals as Zinc (Zn), Iron (Fe) and Copper (Cu) and are major sources of pollution among soils .The contaminants from automobile either accumulates on the soil surface or are moved down to deeper layers and eventually may change the soil physicochemical properties directly or indirectly. Most commonly heavy metals do not degrade naturally and accumulation of high concentration in soils can be toxic to plants, humans and other living organisms in the surrounding environment (Mbah and Anikwe, 2010) .Spatial distribution of some important heavy metals is essential to assess their effects on soil and to delineate contamination (Omran and El Razek, 2012) . Geostatistical interpolation is being used to estimate the spatial distribution of pollutants in soil (Baraba et al., 2001 ; Van Meirvenne and Goovaerts, 2001; He and Jia, 2004; Woo et al., 2009 ). The spatial interpolation of inverse distance weight was used to produce the spatial patterns of heavy metals and to quantify the probability of heavy metal concentrations higher than their guide values (Parveen et al., 2012) .
II. MATERIALS AND METHODS

A. The Study Area
Damietta governorate is located at the northeast of the Nile Delta between longitudes 31° 28`& 32° 04` and latitude 31° 10` & 31° 30` (Fig. 1) . The governorate covers an area of 227575.32 acres, representing 0.1% of the Republic's area, and encompasses 4 districts, 10 cities, 47 rural units and 85 villages. According to the preliminary results of 2006 census, population is about 1.1 million people; 38.4% of them live in urban areas and 61.6% in rural areas. The population natural growth rate is 21.6 per thousand. The governorate cultivated area covers 108.8 thousand acres and is famous for growing wheat, maize, cotton, rice, potatoes, lemons, grapes, and tomatoes (CAPMAS, 2011). 
B. Soil Sampling And Analysis
Soil samples were collected from ten sites representing Damietta governorate during April 2013. We paid special attention to the criteria such as traffic density and road section while selecting the sample points. Locations of the studied sites were identified using a "GPS" (Model German) as shown in Fig.2 . Two soil samples were taken from each site: the first from the surface soil layer at depth 0 -30 cm (top soil) and the second represented the subsurface soil layer at depth 30-60 cm (sub soil). All samples were put in airtight polyethylene bags and taken back to the laboratory. Cu, Fe, Ni and Zn concentration were estimated in the Desert Research Center, Cairo. Collected samples were air-dried, crushed and stored in plastic bottles. The samples were acid digested with concentrated sulfuric acid and hydrogen peroxide added as drops as an oxidizing agent and an accelerator for digestion process and heated until samples being clear .Cu, Fe, Ni and Zn concentration in the extracts were estimated using atomic absorption Unicam 929 AA spectrometer by hollow cathode lamp 10 mA in the Desert Research Center, Cairo according to (Cook, 1997) . 
C. Spatial Distribution Of Heavy Metals
Spatial interpolation is commonly used for producing continuous information when data are collected at distinct locations (e.g. soil profiles). The inverse distance weighted (IDW) is an interpolation method, which weighs the surrounding known values to derive estimations for an unmeasured location (Ali and Moghanm, 2013) . The inverse distance weighted (IDW) of Arc-GIS 10.2 software has been used to interpolate the heavy metal concentration in soils over the study area.
III. ASSESSMENT OF CONTAMINATION
A. Index Of Geoaccumulation.
The index of Geoaccumulation (Igeo) means the assessment of contamination by comparing the levels of heavy metal obtained to a background levels originally used with bottom sediments (Awadh, 2013) . Gowd et al. (2010) has applied the index of Geo-accumulation to assess of the contamination. The evaluation of contamination with heavy metals was made using the index of Geoaccumulation (Igeo) using the following equation Table 1 . 
B. 1 2 B Statistical Analysis
The statistical analysis was performed using Excel Microsoft 2010 and SPSS version 17 programs. This represents the descriptive statistics. A probability of 0.05 or less was considered as significant. Correlation coefficients as well as the derived equations from the relationship between the related parameters were also calculated.
IV. RESULTS AND DISCUSSION
A. Assessment And Mapping Of Heavy Metal In Soils
The influence of anthropogenic activities as a major source of heavy metals contamination in the soil, dust, plants and sediments was observed by many studies (Senesi et Table 2 . 
B. Evaluation Of Nickel (Ni) In Soil
The concentrations and geographical distribution of Ni in soil were given in Tables 3 and 4 The highest nickel concentration (47.79 mg kg-1) in the top soil samples has been found at location 4 (Nabaruh -Kafr Al -Ghab Road). Corresponding values for the subsurface layers were from 12.48 to 47.86 with an average value of 29.7 mg kg-1 soil. The highest nickel concentration (47.86 mg kg-1) in the subsurface soil samples has been found at location 3 (Jamasah -Kafr Al -Wustani Road). These results indicated that the subsurface layers of Damietta governorate soils contain greater amounts of Ni in comparison with surface layers. The major sources of nickel contamination in the soil are metal plating industries, combustion of fossil fuels, and nickel mining and electroplating. It is released into the air by power plants and trash incinerators and settles to the ground after undergoing precipitation reactions (Raymond and Okieimen, 2011) . Anthropogenic activity has resulted in the widespread atmospheric deposition of nickel from the burning of oil and coal. Agricultural fertilizers, especially phosphates, are also a significant source of nickel in soil (McGrath, 1995) . Nickel phytotoxicity in soil includes chlorosis followed by yellowing and necrosis of leaves, restricted growth, and tissue injury (Rooney et al., 2007 (Parth et al., 2011) .
The lowest Ni concentration (1.8 was found mg kg-1) was found at location 1(Jamasah-Dumyat Al -Jadidah Road) among all road side soil samples.
C. Evaluation Of Copper (Cu) In Soil
The concentrations and geographical distribution of Cu in soil were given in Tables 3 and 4 
D. Evaluation Of Zinc (Zn) In Soil
The concentrations and geographical distribution of Zn in soil were given in Tables 3 and 4 
E. Evaluation Of Iron (Fe) In Soil
The concentrations and geographical distribution of Fe in soil were given in Tables 3 and 4 The highest iron concentration (41.56 mg g-1) in the top soil samples has been found at location 9 (Dumyat -Kafr AlArab Road). The lowest iron concentration (4.24 mg g-1) in the top soils was found at location 2(Umm Rida Al -JadidahDumyat Al -Jadidah Road) among all road side soil samples, this may be due to lack of iron in the soil, excess soil moisture or root diseases. Corresponding values for the subsurface layers were from 6.59 to 93.27 with an average value of 28.9 mg g-1 soil. The highest iron concentration (93.27 mg g-1) in the subsurface soil samples has been found at location 4 (Nabaruh -Kafr Al -Ghab Road). The highest deposition of Fe in soil might be due to its long-term use in the production of machine tools, paints, pigments, and alloying in various industries that may result in contamination of the soil and a change to the soil structure thus making it risky for use in cultivation (Rahman et al., 2012) . Iron is very insoluble under oxidizing condition in soil, the organic matter in the soil may form chelate complex by keep considerable amount of Fe (III) in a mobile form (Deka and Sarma, 2012) .In other words, the soil in the investigated area is being rich in iron; there is no limit to the concentration of iron in soil because it is abundant in soil. 
V. VULNERABILITY MAPPING OF HEAVY METALS
Soil resources degradation is an issue of significant societal and environmental concern in Damietta governorate. Soil represents a major sink for heavy metals, which can then enter the food chain via plants or leaching into ground water. In order to prevent soil pollution before it occurs and avoid the future need for costly remediation efforts, GIS can be used to assess the soil pollution potential (Omran and El Razek,2012). The Geostatistical Analyst can be used to map the probability that any heavy metals values exceed the threshold. Heavy metals vulnerability maps in soil are shown in Figs 
VI. 5 B ASSESSMENT OF CONTAMINATION RISK
A. 1 8 B Index Of Geoaccumulation
Igeo and contamination levels of different metals in soil were given in Tables 5 and 6 . Igeo was distinctly variable and suggests that soil around the governorate ranged from uncontaminated to strongly contaminated with respect to the analyzed metals. Igeo revealed that all soil samples in respect of Ni were found negative and fell into class 0-uncontaminated. This indicated that the concentrations of Ni in the soils were unpolluted and lower than the background. Copper showed a negative index for most samples indicating no pollution, but it have positive value 0.29 for one top soil sample ( 10S) and 2.39 and 2.19 for two subsurface soil samples ( 3SS and 8SS ), respectively and belongs to the class 1 and class 3 indicating uncontaminated /moderately contaminated to moderately /strongly contaminated. Zinc exhibited a positive Geoaccumulation index in many samples and 2 samples fell into class 4 indicating strongly contaminated. Spearman's correlation analysis was performed between all variables. The level of significance (P ≤ 0.05 and P ≤ 0.01) of multi-element correlation for soil samples was determined and the results are given in Table 7 
VIII. CONCLUSION AND RECOMMENDATIONS
Soil is a great geochemical reservoir for contaminant as well as a natural buffer for transportation of chemical materials and elements in the atmosphere, hydrosphere, and biomass. For this, it is the most important component of the human biosphere. In this study, we investigated the contents of heavy metals (Cu, Zn, Ni, and Fe) in soils along ten major road segments in Damietta governorate. The extra heavy metals accumulations in soils are almost purely due to traffic activities. According to the study results, the concentrations of Cu in top soils and Ni for the entire region were lower than its background values while the concentrations of Cu in subsurface soils and Zn in all soil samples were higher than the background values. However, the situation in future would become more dangerous if the precautionary environmental requirements are not attended to. These heavy metals have a tendency to bio-magnify and induce long-term adverse impact on ecosystem in terms of biochemical and toxicological effect on human being and other composition of our planet. Moreover different remediation measures should be taking promptly to remove excising metal contamination.
The following recommendations suggest improving soil quality of the city:
 Enhance availability and supply reliability of highquality fuels (Liquefied Petroleum Gas and kerosene) in all areas, but first in areas with largest exposure.
 Use vapor recovery technology when available, rather than combustion, to further reduce air pollution.
 Forbid the open burning of solid waste inside the city.  Monitoring activities and regulations should be developed taking into consideration technical characteristics.
 Establish and implement a plan that ensures all trucks used meet emission standards specified in the Clean Fuel Vehicles (heavy trucks) to reduce VOC, and PM emissions.
 Remove the polluted soil and deposit it in landfills or incinerate it.
 Reduce transport sector emissions through a variety of changes to the overall transport system: efficiency improvements in the urban transport system, changes in modal shares through infrastructure investments or land use policy, or through f policies that can affect fuel and vehicle technology choice, fuel consumption, and vehicle use.
 For the removal and recovery of heavy metals various soil washing techniques have been developed including physical methods, such as attrition scrubbing and wetscreening, and chemical methods consisting of treatments with organic and inorganic acids, bases, salts and chelating agents. The problem with these methods, however, is again that they generate secondary waste products that may require additional hazardous waste treatments.
 Constructive city planning by the complete separation of industry and commercial work-shop activities from habitation should receive more attention as a responsible solution for environmental improvement.
 It is possible to improve in situ biodegradation which involves the enhancement of naturally occurring microorganisms by artificially stimulating their numbers and activity. The microorganisms then assist in degrading the soil contaminants.
 Increasing green areas and planting more trees because trees help in cleaning soil, maintaining its fertility and in reducing the level of particulate matter
In order to reduce vehicle emission originated metal pollution in soil, vehicles with catalytic convertors should be preferred and the use of gasoline without lead should be encouraged.
